Introduction Performing music at a professional level is probably the most demanding of human accomplishments. Making music requires the integration of multimodal sensory and motor information and precise monitoring of the performance via auditory feedback. In the context of Western classical music, musicians have to reproduce highly controlled movements almost perfectly with a high reliability. These specialized sensorimotor skills require extensive training periods over many years, starting in early infancy and passing through stages of increasing physical and strategic complexities. The superior skills of musicians are mirrored in plastic adaptations of the brain on different timescales.
Introduction
Performing music at a professional level is probably the most demanding of human accomplishments. Making music requires the integration of multimodal sensory and motor information and precise monitoring of the performance via auditory feedback. In the context of Western classical music, musicians have to reproduce highly controlled movements almost perfectly with a high reliability. These specialized sensorimotor skills require extensive training periods over many years, starting in early infancy and passing through stages of increasing physical and strategic complexities. The superior skills of musicians are mirrored in plastic adaptations of the brain on different timescales.
In the fi rst section of this chapter we introduce essential general information for musical readers concerning the organization of cortical, subcortical and cerebellar motor systems in the brain. The electrophysiological correlates of motor planning and motor expectation will be briefly mentioned, as they provide a deeper understanding of the time course of anticipation and retrieval of motor programmes in music performance. In the second section, brain processes during acquisition of skilled movements in music-making will be addressed and the dynamics of neuronal networks will be demonstrated. Because these processes rely on plastic adaptations of brain networks and anatomical brain structures, the interplay of increasing precision of movements and plastic changes in the brain will be explained. In the third section, new fi ndings on practice strategies and performance quality will be reported. Brain imaging measures collected during mental practice or listening tasks suggest that both motor and auditory cortical areas are active during musical thought processes. Motor-based brain representations are found in behavioural studies on performers' musical interpretations, transfer of learning from one musical task to another, mental practice effects, and anticipatory movements. Implications from these behavioural tasks suggest that an accurate auditory and motor representation underlies successful performance from memory. In the fourth section, the causes of degradation of skilled movements in professional musicians will be addressed. This disorder, termed focal dystonia, is due to maladaptive brain plasticity with fusion of brain representations of adjacent digits in somatosensory brain regions. Such a fusion and blurring of receptive fi elds of the digits results in a loss of control, because skilled motor actions are necessarily bound to intact somatosensory feedback input.
There can be no doubt that making music is one of the most demanding tasks for the human central nervous system. It involves the precise Eckart Altenmüller and Sabine Schneider execution of very fast and, in many instances, extremely complex physical movements that must be coordinated with continuous auditory feedback. Practice is required to develop these skills and carry out these complex tasks. Perhaps the most important study on practice to emerge during the past couple of decades was undertaken by Ericsson and his colleagues in 1993 with students at the Berlin Academy of Music. Ericsson et al . proposed the concept of 'deliberate practice' as a means of studying goaloriented, structured and effortful facets of practice in which motivation, resources and attention determine the amount and quality of practice undertaken. They argued that a major distinction between professional and amateur musicians (and perhaps successful versus un-successful learners) is the amount of deliberate practice undertaken during the many years required to develop instrumental skills to a high level (Ericsson and Lehmann 1996 ) . They proposed that highly skilled musicians exert a great deal more effort and concentration during their practice than less skilled musicians, and are more likely to plan, image, monitor and control their playing by focusing their attention on what they are practising and how it can be improved.
Motor skills are best acquired by massed practice involving countless repetitions, whereas aural skills are typically refi ned through a broad variety of listening experiences. Both types of skills are not represented in isolated brain areas however, but rather depend on the multiple connections and interactions established during training within and between the different regions of the brain. The general ability of our central nervous system to adapt to changing environmental conditions and newly imposed tasks during its entire life span is referred to as plasticity . In music, planning, learning through experience and training are accompanied by development and changes which not only take place in the brain's neuronal networks as a result of a strengthening of neuronal connections but also in its overall gross structure. Unfortunately, it is still not completely understood how practice habits and sensorimotor maturation infl uence each other. With respect to brain plasticity it is known that music practice enhances myelination, grey matter growth and fi bre formation of brain structures involved in the specifi c musical task (for a review see Münte et al. 2002 ) .
There are two main reasons why researchers believe that these effects on brain plasticity are more pronounced in instrumental music performers than in other skilled activities. First, musical training usually starts very early, sometimes before age six when the adaptability of the central nervous system is highest, and second, musical activities are strongly linked to positive emotions, which are known to enhance plastic adaptations. We would be wise to keep in mind however, that the methodologies currently used in contemporary brain research might produce a bias. As an example, it could be argued that the results demonstrated for group investigations of classical instrumentalists are due to these musicians having a similar acculturation due to the canonical nature of their training. Classical pianists tend to study etudes of Hanon, Czerny and Chopin, and the similarity of their training may produce uniform brain adaptations which in turn then dominate any individual changes. In other pursuits such as the visual arts, creative writing, architecture and composing music, individualized training may produce more diverse effects that may be masked within group statistics.
Neuroanatomy and neurophysiology of motor systems involved in planning and performance Playing a musical instrument requires highly refi ned motor skills that are acquired over many years of extensive training, and that have to be stored and maintained as a result of further regular practice. Auditory feedback is needed to improve and perfect performance. Performancebased music-making therefore, relies primarily on a highly developed auditory-motor integration capacity, which can be compared to the phonological loop in speech production. In addition, somatosensory feedback constitutes another basis of high-level performance. Here, the kinaesthetic sense, which allows for control and feedback of muscle-and tendon-tension as well as joint positions which enable continuous monitoring of fi nger-, hand-or lip-position in the frames of body and instrument coordinates (e.g., the keyboard, the mouthpiece), is especially important. In a more general context, the motor system of music performance can be understood as a subspecialty of the motor systems for planned and skilled voluntary limb movements.
Planned voluntary skilled limb movements involve four cortical regions in both hemispheres: the primary motor area (M1) located in the precentral gyrus directly in front of the central sulcus; the supplementary motor area (SMA) located anterior to the M1 of the frontal lobe and the inner (medial) side of the cortex; the cingulate motor area (CMA) below the SMA and above the corpus callosum on the inner (medial) side of the hemisphere; and the premotor area (PMA), which is located adjacent to the lateral aspect of the primary motor area (see Figure 31 .1 ).
SMA, CMA and PMA can be described as secondary motor areas , because they are used to process movement patterns rather than simple movements. In addition to the cortical regions, the motor system includes the subcortical structures of the basal ganglia, and the cerebellum. The sensory areas are necessary in order to maintain the control of movements. Their steady kinaesthetic feedback information is required for any guided motor action. The sensory areas are located in the primary somatosensory area (S1) behind the central sulcus in the parietal lobe. This lobe is involved in many aspects of movement processing. It is an area where information from multiple sensory regions converges. In the posterior parietal area, the body coordinates in space are monitored and calculated and visual information is transferred into body coordinates. As far as musicians are concerned, this area is prominently activated during tasks involving multisensory integration, for example during sight-reading and the playing of complex pieces of music (Haslinger et al. 2005 ) .
The primary motor area (M1) represents the movements of body parts in a separate but systematic order. The representation of the leg is located on the top and the inner side of the hemisphere, the arm in the upper portion, and the hand and mouth in the lower portion of M1. This representation of distinct body parts in corresponding brain regions is called somatotopic or homuncular order . Just as the motor homunculus is represented upside down, so too is the sensory homunculus on the other side of the central sulcus. The proportions of both-the motor and the sensory homunculus-are markedly distorted because they are determined by the density of motor and sensory innervations of the respective body parts. For example, control of fi ne movements of the tongue requires many more nerve fi bres transmitting the information to this muscle as compared to the muscles in the back. Therefore, the hand, the lips and the tongue require almost two-thirds of the neurons in this area. However, as further explained below, the representation of the body parts may be modifi ed by usage. Moreover, the primary motor area does not simply represent individual muscles: multiple muscular representations are arranged in a complex way so as to allow the execution of simple types of movements rather than the activation of a specifi c muscle. This is a consequence of the fact that a two-dimensional array of neurons in M1 has to code for threedimensional movements in space (Gentner and Classen 2006 ) . Put more simply, our brain does not represent muscles but rather movements.
The supplementary motor area (SMA) is mainly involved in the coordination of the two hands, in the sequencing of complex movements and in the triggering of movements based on internal cues. It is particularly engaged when the execution of a sequential movement depends on internally stored and memorized information. The SMA can be subdivided into two distinct functional areas. In the anterior SMA, it would seem that the planning of complex movement patterns is processed. The posterior SMA seems to be predominantly engaged in twohanded movements and, in particular, in the synchronization of both hands during complex movement patterns.
The function of the cingulate motor area (CMA) is still under debate. Electrical stimulation and brain imaging studies demonstrate its involvement in movement selection in situations when movements are critical to obtain reward or punishment. This points towards close links between the cingulate gyrus and the emotion-processing limbic system. From what we know therefore, it would seem that the CMA plays an important role in mediating cortical cognitive functions and limbic-emotional functions. The premotor area (PMA) is primarily engaged when externally stimulated behaviour is being planned and prepared. It is involved in the learning, execution and recognition of limb movements and seems to be particularly concerned with processing of visual information which is necessary for movement planning.
The basal ganglia , located deep inside the cerebral hemispheres, are interconnected reciprocally via the thalamus to the motor and sensory cortices, thus constituting a loop of information fl ow between the cortex and the basal ganglia. They are indispensable for any kind of voluntary actions that are not highly automated. Their special role consists in the control of voluntary action by selecting appropriate motor actions and by comparing the goal and course of those actions with previous experience. In the basal ganglia, the fl ow of information between the cortex and the limbic emotion system, in particular the amygdala, converges. It is therefore assumed that the basal ganglia process and control the emotional evaluation of motor behaviour in terms of expected rewards or punishment. Finally, the cerebellum contributes essentially to the timing and accuracy of fi ne-tuned movements.
Observing planning in the brain
During the last two decades, knowledge of brain regions involved in complex tasks such as playing a musical instrument has increased enormously. This is mainly due to the development of novel technologies that allow non-invasive assessment of the intact brain's function. A pioneering step was the observation of movementrelated brain potentials refl ecting planning and movement preparation in the brain. These brain potentials can be extracted from the ongoing electrical activity of neuronal populations in the cerebral cortex using electroencephalography (EEG). The most prominent activation is the so callled Bereitschaftspotential (see Figure 31 .2 ).
The Bereitschaftspotential (BP) is a ramp-like brain activation which precedes any self-paced voluntary motor activity, starting 2000 to 1000 ms prior to movement onset. There is still some debate on the structures in the brain generating the BP. It seems that the fi rst part of the ramplike shift is produced in the SMA, refl ecting the planning of a movement. The subsequent part of the shift is probably generated in the primary motor areas, refl ecting the activation of motor neurons directly linked to muscles via the spinal cord (for a concise review see Altenmüller et al. 2004 ) .
Traditionally, the BP was related to the intentional decision processes of willed action. In intriguing experiments Libet et al. ( 1983 ) demonstrated that the BP starts about 350 ms prior to conscious awareness of the intention to act. When the subjects 'vetoed' their decision to act, the BP, which had normally developed prior to this 'veto', collapsed and no movement occurred. Libet ( 1985 ) concluded that voluntary acts can be initiated by unconscious cerebral processes before conscious intention appears but that conscious control over the actual motor performance of the acts remain possible. This experimental design has had a long and often controversial history. After all, it has remained unclear whether the urge to act, and the action itself, represent actual differences in brain states (Eagleman 2004 ) .
EEG measures such as the BP-recordings have an excellent temporal resolution, refl ecting the electrical activity of neurons in the range of milliseconds. Therefore these methods are suitable to investigate the rapid neuronal interactions which constitute the basis of motor planning and performance.
Other imaging tools such as positron emission tomography (PET), and functional magnetic resonance imaging (fMRI) allow the functional assessment and the precise localization of active brain regions. However, these methods have the disadvantage of a relatively poor time resolution, allowing the monitoring of neuronal activation during planning and performance in the range of seconds, but not of milliseconds. -1000
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Additionally, new imaging techniques, derived from MRI) technology, demonstrate minute changes in brain structure with precision. Voxelbased morphometry (VBM) for example, provides detailed information of the thickness of the grey matter in the layers of neurons in the cerebral cortex. Using this technique, longitudinal follow up-studies have demonstrated changes in grey matter volume in the range of cubic millimeters as a result of musical training (Gaser and Schlaug 2003 ) . Diffusion tensor imaging (DTI), on the other hand, is a way to assess direction and volume of fi bre tracts in the white matter of the brain. In pianists this method has shown changes in myelination of the callosal body which connects the two brain hemispheres (Bengtsson et al. 2005 ).
Learning to plan: the acquisition of fi ne motor skills
Our knowledge concerning the regions and mechanisms of the brain involved in sensorimotor learning is still incomplete. Overall, musicians appear to process new incoming stimuli more effectively compared to non-musicians. According to newly emerging evidence (for a review see Halsband and Lange 2006 ) all structures involved in motor control participate in the acquisition of new sensorimotor skills. The cerebellum is involved in the selection, the sequence and the timing of movements and the basal ganglia play a crucial role in procedural learning and automation of movements.
It has been known for some time that the activity in the SMA and in the premotor area of the brain are enhanced as a result of increasing complexity of finger movement sequences (Roland et al. 1980 ) . Using fMRI, Karni and colleagues ( 1995 ) investigated adult subjects' learning of complex finger sequences which are similar to those necessary for piano playing. After 30 minutes of practice the representation of the fingers in the primary motor cortex increased. However, without further training, this effect diminished after one week with the hand representation returning to its previous size. In contrast, continuous practice resulted in a stable enlargement of the hand area in the primary motor cortex. This effect was specifi c for the daily trained sequence of complex fi nger movements, and did not occur when the subjects improvised complex finger movements which were not subsequently repeated. Parallel to the enlargement of the hand area in the primary motor cortex, the size of the cerebellar hand representation diminished, suggesting that the cerebellum plays an important role only in the initial phase of motor learning.
The above mentioned study does not take into account one special quality of musicianship, namely the strong coupling of sensorimotor and auditory processing required for performing music. Practicing an instrument involves assembling, storing, and constantly improving complex sensorimotor programmes through prolonged and repeated execution of motor patterns under the controlled monitoring of the auditory system. In a cross-sectional experiment, strong linkages between auditory and sensorimotor cortical regions as a result of many years of practice have been reported (Bangert et al. 2006 ) . Using fMRI, professional pianists were asked to listen to simple piano tunes without moving their fi ngers or any other body part. Figure 31 .3 (a) demonstrates the increase in activation of professional pianists in comparison to non-musicians. There is an impressive activation of the motor cortex demonstrating the subconscious or automated auditory-motor co-activation.
Furthermore, in a longitudinal study, it was possible to show that the formation of such neuronal multisensory connections needs less than six weeks of regular piano training (Bangert and Altenmüller 2003 ) . This demonstrates how dynamically brain adaptations accompany musical learning processes.
Activation of motor co-representations can occur in trained pianists not only by listening to piano tunes, but also by observing a pianist's fi nger movements while watching a video. In Figure 31 .3 (b the increases in brain activation of trained pianists are shown whilst they are observing video sequences of a moving hand at the piano as compared to the activation of musically naive subjects (Haslinger et al. 2005 ) . Besides the motor hand area in the primary motor cortex, secondary auditory cortices in the temporal lobe and the cerebellum are activated. This neuronal network corresponds to a ' mirror Fig. 31 .3 (a) Additional brain activity (grey zones) of skilled pianists compared to non-pianists when listening to piano tunes without moving their fi ngers. The primary motor cortex of the precentral area and auditory association areas are lighting up, demonstrating an unconscious co-representation of heard tunes as movement patterns (modifi ed from Bangert et al. 2006) . (b) Additional brain activity (grey zones) of skilled pianists compared to non-pianists when observing pianist movements in a soundless video. Again, the precentral area and auditory association areas are lighting up demonstrating the mirror system: the observed movements are unconsciously activated, albeit the subjects did not move their fi ngers. Furthermore the auditory areas are activated demonstrating a visual-auditory co-representation of seen movements. This effect demonstrates impressively the powerful human imitation system, and may be utilized by teachers when demonstrating at the instrument (modifi ed from Haslinger et al. 2005) .
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Plasticity of sensory motor systems: musicians' brains are different · 339 neuron network '. As a consequence of musical practice, it follows that careful demonstration at the instrument may enhance learning. Such a teaching method based on demonstration and imitation is widely used at all levels of musical training, and would appear to be particularly effective in cases where teachers demonstrate an action or series of actions that are carefully and methodically observed by the student.
Practicing through listening and/or observation can be considered as special cases of mental training . Narrowly defi ned, mental training is understood as the vivid imagination of movement sequences without physically performing them. As with observation of actions, principally the same brain regions are active as if the imagined action is performed; that is, the primary motor cortex, the supplementary motor cortex and the cerebellum (Kuhtz-Buschbeck et al. 2003 ) . In a study investigating mental training of fi nger movement sequences of different complexities, brain activation increased along with the degree of difficulty of the imagined motor task. Furthermore, when continuing mental practice over a period of several days, the involved brain regions showed plastic adaptations. Although these adaptations are less dramatic than if the motor tasks were practiced physically, mental training produced a clear improvement in task performance as assessed in fi nger tapping tests.
Plasticity of sensory motor systems: musicians' brains are different
During the past decade, brain imaging has provided important insights into the enormous capacity of the human brain to adapt to complex demands. These adaptations are referred to as brain plasticity and do not only include the connections or firing rates of neurons-the 'software' of our brain-but also the 'hardware', namely the fi ne structure of nervous tissue and even the visible gross structure of brain anatomy. Brain plasticity is best observed in complex tasks with high behavioural relevance for the individual such that they cause strong emotional and motivational activation. Plastic changes are more pronounced in situations where the task or activity is intense and the earlier in life it has been developed. Obviously, the continued activities of accomplished musicians provide the prerequisites of brain plasticity in an ideal manner. It is therefore not astonishing that the most dramatic brain plasticity effects have been demonstrated in professional musicians (for a review see Münte et al. 2002 ) .
Our understanding of the molecular and cellular mechanisms underlying these adaptations is far from complete. Brain plasticity may occur on different time axes. For example, the efficiency and size of synapses may be modifi ed in a time window of seconds to minutes, the growth of new synapses and dendrites may require hours to days. An increase in grey matter density, which mainly refl ects an enlargement of neurons, needs at least several weeks. White matter density also increases as a consequence of musical training. This effect is primarily due to an enlargement of myelin cells: the myelin cells, wrapped around the nerve fi bres (axons) are contributing essentially to the velocity of the electrical impulses travelling along the nerve fi bre tracts. Under conditions requiring rapid information transfer and high temporal precision these myelin cells grow and as a consequence nerve conduction velocity increases. Finally, brain regions involved in specifi c tasks may also be enlarged after long-term training due to the growth of structures supporting the nervous function, for example, in the blood vessels that are necessary for the oxygen and glucose transportation to sustain nervous function.
Comparison of the brain anatomy of skilled musicians with that of non-musicians shows that prolonged instrumental practice leads to an enlargement of the hand area in the motor cortex (Amunts et al. 1997 ) and to an increase in grey matter density corresponding to more and/ or larger neurons in the respective area (Gaser and Schlaug 2003 ) . These adaptations appear to be particularly prominent in all instrumentalists who have started to play prior to the age of ten and correlate positively with cumulative practice time. Furthermore, in professional musicians, the normal anatomical difference between the larger, dominant (mostly right-) hand area and the smaller, non-dominant (left-) hand area is less pronounced when compared to non-musicians. These results suggest that functional adaptation of the gross structure of the brain occurs during training at an early age.
Similar effects of specialization have been found with respect to the size of the corpus callosum. Professional pianists and violinists tend to have a larger anterior (front) portion of this structure, especially those who have started prior to the age of seven (Schlaug et al. 1995 ) . Since this part of the corpus callosum contains fi bres from the motor and supplementary motor areas, it seems plausible to assume that the high demands on coordination between the two hands, and the rapid exchange of information may either stimulate the nerve fi bre growththe myelination of nerve fi bres that determines the velocity of nerve conduction-or prevent the physiological loss of nerve tissue during ageing.
In summary, when training starts at an early age (before about seven years), these plastic adaptations of the nervous system affect brain anatomy by enlarging the brain structures that are involved in different types of musical skills. When training starts later, it modifi es brain organization by rewiring neuronal webs and involving adjacent nerve cells to contribute to the required tasks. These changes result in enlarged cortical representations of, for example, specifi c fi ngers or sounds within existing brain structures. In the following section, the behavioural correlates of the maladaptive plastic changes, leading to a loss of motor control of highly skilled movements, will be focused on.
Focal dystonia: when planning goes wrong
Approximately 1 in 100 professional musicians suffer from a loss of voluntary control of their extensively trained, refi ned, and complex sensorimotor skills-a condition generally referred to as focal dystonia, violinist's cramp, or pianist's cramp. In most cases, focal dystonia is so disabling that it prematurely ends the artist's professional career (Altenmüller 2003 ) . Subtle loss of control in fast passages, fi nger curling (cf. Figure 31 .4 ), lack of precision in forked fi ngerings in woodwind players, irregularity of trills, sticking fi ngers on the keys, involuntary flexion of the bowing thumb in strings, impairment of control of the embouchure in woodwind and brass players in certain registers, are the various symptoms that can mark the beginning of the disorder. At this stage, most musicians believe that the reduced precision of their movements is due to a technical problem. As a consequence, they intensify their efforts, but this often only exacerbates the problem.
Males, classical musicians of a younger age and instrumentalists such as guitarists, pianists and woodwind players are among the most commonly affected by focal dystonia. The majority of patients have solo positions and often they have a perfectionist, control-type personality. About 20 per cent of such patients report a history of chronic pain syndromes or over-use injury. Preventing these musicians from developing chronic over-use and tendinitis will most probably prevent them from developing focal dystonia . However, once focal dystonia is established, the cure of the pain syndrome will generally not eliminate the pathological movement pattern.
Thus far the aetiology of focal hand dystonia is not completely understood, but is probably multifactorial. Without going into the details, most studies of focal dystonia reveal abnormalities in three main areas: (a) reduced inhibition in the motor system at cortical, subcortical and spinal levels (b) reduced sensory perception and integration; and (3) impaired sensorimotor integration. The latter changes are mainly believed to originate from dysfunctional brain plasticity. There is growing evidence for an abnormal cortical processing of sensory information as well as degraded representation of motor functions in patients with focal dystonia. A study with trained monkeys demonstrated that chronic over-use and repetitive strain injury in highly stereotyped movements can actively degrade the cortical representation of the somatosensory information that guides the fine motor hand movements in primates (Byl et al. 1996 ) . A similar degradation of sensory feedback information and concurrent fusion of the digital representations in the somatosensory cortex was confi rmed in a brain activation study conducted in musicians with focal dystonia, although these musicians had no history of chronic pain (Elbert et al. 1998 ) . Therefore, additional factors such as a genetic predisposition and certain susceptibility appear to play an important role in the development of focal dystonia (Schmidt et al. 2006 ) . Interestingly, in musicians suffering from focal dystonia the BP is markedly larger as compared to healthy musicians (see Figure 31. 2 ). This 'overshoot' in brain activation prior to movement execution seems to be linked to the core defi cit in focal dystonia, the defective inhibition of motor output.
Unfortunately, there is no simple cure for the condition. Retraining may be successful in a minority of cases, but usually requires several years to succeed. Symptomatic treatment with temporary weakening of the cramping muscles by injecting Botulinum-toxin has proven to be helpful in other cases; however, since the injections need to be applied regularly every three to fi ve months during the professional career, it presents no solution for young patients. Thus, the challenge is to prevent young musicians from such a disorder. Reasonable practice schedules, economic technique, prevention of over-use and pain, mental practice, avoidance of exaggerated perfectionism and psychological support with respect to self-confi dence are the components of such a prevention programme.
Conclusions: some implications for practice
In the preceding paragraphs we have demonstrated the neurobiological foundations of planning, motor learning and practice. Here we will summarize the data in order to formulate some practical rules which might be useful for the daily work of instrumentalists.
As with all skilled human motor activities, effective planning, movement preparation and practising are largely based on procedural knowledge. How to practice and when to stop practising is best learned by experience. Practising can be considered as a self-organizing process, which frequently starts with uneconomical activation of large neuronal pools in the sensorimotor brain regions. Optimizing the movement patterns occurs under continuous sensory feedback from the ears, the eyes, the muscles, tendons, joints, and from the skin. The integration of this information into movement patterns is the most important step in procedural learning. It is mainly based on the formation of neuronal networks; for example, the connections between auditory and motor areas and in a step-wise reduction of cortical activity and augmentation of subcortical activity in the basal ganglia and the cerebellum.
When playing a musical instrument, the central nervous system is mainly involved in processing a huge amount of incoming information from the ears and eyes, and from the sensory organs in muscles, tendons, joints, and skin. The consolidation of the networks necessary for programming movement sequences occurs mainly in the breaks after playing and during sleep. As a consequence, the more complex a task is, the shorter the practice time that should be scheduled in one session and the longer the breaks should be planned. Sleep is another factor supporting procedural memory formation. Therefore, suffi cient sleep should be encouraged, especially when an instrumentalist of any ability level is working hard to master new repertoire.
Generally, a practice session should be terminated when signs of fatigue appear. It is important to consider that over-practice (practice into bodily or mental fatigue) not only leads to no improvement, but to an active worsening of motor programmes. This is due to a blurring of central nervous system sensorimotor representations, when muscular fatigue appears. Furthermore, a lack of attention causes a higher probability of uneconomical movements or production of false notes which, as a consequence, are stored in the procedural memory.
The human mirror system is a powerful tool to facilitate skill learning. Auditory and visual cues presented to students activate their sensorimotor representations and can lead directly to the formation of motor programmes. This is the basis of imitation learning. On the other hand, sloppy and careless demonstrations may produce a negative effect for students, decreasing their sensorimotor programmes as they adopt bad habits modelled by their teacher. Teachers should therefore demonstrate skills in a variety of ways in order to ensure that their students are able to comprehend the difference between effective and ineffective performance techniques.
We would like to conclude our chapter with a general remark: processes involved with instrumental musical training are probably the most complex of all human activities. Importantly, these are not restricted to the sensorimotor brain circuits but also involve emotion, memory and imagination. The best trained musicians with the best working sensorimotor networks will not move their listeners if imagination, colour, fantasy and emotion are not a part of their artistic expression. These qualities are often not trained solely within a practice studio, but depend on and are possible linked to experiences from daily life, to human relationships, to a rich artistic environment and to empathy and emotional depth. These factors, which profoundly influence the aesthetic quality of a music performance, are at present far from being accessible to any neuroscientifi c research.
